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ABSTRACT 

PURPOSE: To obtain a polycrystalline silicon thin film with an improved 
crystallinity , by heating an amorphous silicon layer to a specified 
temperature, and irradiating an area of a specified value or above thereon 
with laser light with a laser energy density within a specified range in 
one shot using a laser radiation system having a total energy of a 
specified value or above. 

CONSTITUTION: An amorphous silicon layer 1 3 of a specified thickness is 
formed on an insulating layer 1 2 on a substrate 1 1 . The amorphous silicon 
layer 13, together with the substrate, is heated to a specified 
temperature. An area of 100cm(sup 2) or above at least on the amorphous 
silicon layer 13 is irradiated with laser light 1 5 with a laser energy 
density of 1 00-500mJ/cm(sup 2) in one shot using a laser light generating 
system having a total energy of 5J or above. Thus the amorphous silicon 
layer 13 is directly annealed. The molten region is crystallized again to 
form a polycrystalline silicon thin fi I m 1 3a. This makes i t possible to 
form a polycrystalline silicon thin film having a low electron trap density 
both in grains and in grain boundaries. 
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~7 yltfrVm^ *> (BF 2 + ) £»AT3. 

[0 0 4 9] 7i/->t-fiIifctt'?x7l>I 
7f>^l:<t^t. MK4 5£I$£-T3. *L 

T. V— * • Kl/"f >«U«4 7, 4 8 03S14fl:7x-;i/ 
*ff5. 7x-;i^#£UTte, 7x-;M& 

0^fflCK3£-rs. 

[0 0 5 0] 0 6 (E) JCwT«k5lC. y-Mt 

®4 6*3«fcOCy— M&S&4 3K»±(r. CVD&lCfco 
T, Jiffll£liJgl5 0*. fctittfl 5 0 nm~2 0 0 n 
m©BWE»]£T-5. Cl©lfffl*&JiaSt5 (Hi. PSGK 
SfcteB P S GIK^ooBIMki/'J 3 >*flt»*HttS<fc>' 

[0051] a*©*huvy5 7^— afBt 

lyf>ytCi5T. 3>^?h*-*5 1, 5 2, 

T, 3>*£ h#-;U5 1, 5 2, 5 3«rffiLT, y- 
• Kl"f>flWt4 7. 4 8«C-tn* 



n^r^«M5 5, 54. 5 6 cnsm 

[0 0 5 2] f©tv>i"J>^il!lS*ff5. >>^'J 

«4 0 0*C^J:aCl^fKT&*. Z.<D£o\ZLT. 
^y— hSOMOS h7>-^6 OsWBfilEaft*. * 
fU&gUHC'&S h y yy- hfiOM OSh7>/X}'6 

0 ©«ifi*flrwi. ±C« 1 2BKStit£fcf;tti 2 

'J3>»I4 1 a£JE2J5StU "J 3 >»JR 4 

1 aK5*r*;HK«4 9*Mt5^il:iO. 

««4 9*»*di**?I«Bi**. *©»*, *£M«r 
ttCfttt&TFTSMOS h5>S?X*jW*Stt-&. 
[0 0 5 3] h y -J?- M8i£©T F 

TlMOSh7>^^6 04, fc<h*.«SRAM©|| 
flHR^ICfflVifctt^Ctt. l£ttSRAM©J|!M*;#tft 
«a*l5. SRAMc0V7hx^— B14^r6]±-r 

5TFTlMOSh7>-^^ll ffiA&a3*?©Ktt 

[0 0 5 4] &Cf. *»JII*. S5CJMW«1«:S(Q6«C 

^mm i 

*r, 55?««±{r, */->7> (SiH 4 ) 

fiff (LP) CVD&C£BRJ*8 0 nmffl*Wl>''J. 

*OJ««lj£»i. 5 0 0*CT*o 

3>^^f#fc. -e^Sglc, £«f^ 4 0 0'Clcai^L 

X^;i/^-*U 0 JT*6V^7ftCVELT*?ft. 
l^—- »f-©X*JI/*— SKtt. 280mJ/cm2 

it, 6cmx6cmT^L 

[0 0 5 5] (TEM) ~CMM 

-tZ>tztb\Z. HF :H2 0= 1 : 1 (Om^l&^^X. 
G&mfa (S i 0 2 ) fcxy^yu #)iSS-> , J=i> 

mm ©*s»fc. iott»©»+*ffl5c*»t* 

TEM^f <BJ^P#) 5:!a7(r^T. TEMiL 
jDiSSffi*^ 0 0 k V« J EOL 2 0 0 0 FX 

[0 0 5 6] H7ISRT?Jl*»6. *tt»->'J3>R 

1 IZ^-To 
[0 0 5 7] 
[^1] 



(7) 
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* i/ -7 1/ - if - x * A/ ^- SKttfftt 





JtKfll 


mmmi 


£»ai2 


x.*^4*-«« CnJ/ erf) 


220 


280 


350 


f3£«ftSf83B (mi) 


(Amo.) 


20—60 


20—100 


MAttS?* Cna) 


CAao.) 


25 


60 



I/-if-l*M-SI5 3 5 OmJ /cm2 

coo5 8] m 8 (c^-r^s^b. #*sj&->'ja>jR 
i kskt. 

U-1f-lW-gIS2 2 0mJ/cm2 tLfcEt 

©K+^lC*ttSTEM»K£frofc. TENMHS8S 
* (*yiBiffH») fcH9CRf. 
[0 0 5 9] H 9 BSr^KOEWrBBBtt, Mfotf&m 



amass u a >MBt£i#*fc«&i;:tt, x*;m?-*«j&« 

3 5 0mJ/cm2 T&5HJ6012 O^iLUCi 

[0060] mmm3 

#»K>'U3>KOlt8Wf«)fll»ft4 0nini:U. 
+f — x*;i^-Sg££ 300mJ/cm2 i LfckW- 

(QBfiiNfc) £0 1 o k^-t. 

[0 0 6 1] 010 tc^T^Kd^. #^S->U n >M 

£S 2 CjRf . 
[0 0 6 2] 
«2] 

h@ttl@ro, Poly-Si *£&tfc«<z>i 





*«0i2 


H26#J 3 




-H*;U*-«JK (mi/ erf) 


150 


300 


350 


$SftttS*5ffi (an) 


(Amo.) 


50-200 


50-200 


(MttBTO (na) 


(Abo.) 


150 


150 



#ftK5/'j3>fll©JfflWfOJIIfft4 0nini:l/. U— 
1f-X*;i^-£g£ 350mJ/cm2 i Ufc&tfV 

[0 0 6 3] 011 K^-r^K^s, u a >m 

Sr«2fC^-r. 

#ftK->U3>m©*8W©JW*S4 0nmiU 
■»f-X*;i^— fBifc* 150mJ/cm2 <t bfz&J^ 

<*flS»fH») 5:0 1 2 fcjftf. 

[0 0 6 4] H 1 2 fcaVr^KWBSfHJBtt. IftWft 



H»J3, 4*«kOtttt«2&fl3tt-r*4:. ±IE*2K: 

^Ti^lC KJP4 0 nmi:il>T, SSII&&<Z>;*:£H 
U 3 >«K*#*fc*K:M:, x*;M?-«fl&&« 
300mJ/cm2 -tfieUiX*;!^- 

[0 0 6 5] gleans 

tf-X*;W*-&g£ 3 5 0mJ/cm2 fcU S«J]Q 

« «H 1 3 \ZmT. 

[0 0 6 6] 013 iZTR-TWKfrZ. 'J a >J& 

*A 3 cst. 

[0 0 6 7] 
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»3] 



<D. Poly-Si tefittgcCxa y M3»tt#fc 







mnms 


SJS«7 


is a v b 


1 © 


10a 


100 d 


m&Vi&Rm Cnn) 


20-70 


20-70 


20-70 




40 


40 


40 



^OTi^COI&^gBK&Vt-ST E MgCg?£fro fc. TE 
MglgiiSS* <Q8IFft) £014K:ST. 
[0 0 6 8] 01 4tz^-r^Mi>^<b. #MS->U3>M 

£S 3 (C^T. 
gjMflI7 

»+jJW&Cfctt*TEM«KSfrr>fc. TEM§IS?i8* 
fflWHWW £0 1 5 KjKT. 
[0 0 6 9] 01 SKSt^KfrS, ^MS->U=i>M 

£^ 3 IC^-T. 
1MB 



3ttSfi«5~7tJtfST*£. ±EH 1 3 ~ 1 5 43±tfX 

y MHRtt. — Enr-h^T**. 
[0 0 70] g?Mfll8 
#fiir>U3>ffll©l«BS©BlffS4 0 nmtU l^- 
1f-i*M-f Jt*3 5 Om J/cm' iUfc£l^l- 
tt. *M^J 1 t^ESlCbT, t&t&MIU 

(hsb*) £H 1 6 ir^-r. 

[0 0 7 1] 016 \zB-t^M& 6. #iiSS-> U n >& 

[0 0 7 2] 
«4] 



£«an»4oo *c, it'^i/- tr-x+ji/^-SfSssonJ/oif, > 3 * Haft 

1 SJ-tfOPoly-Si 8fittffi<0HJSUJc#tt 







fSJfc«9 


ft S (on) 


40 


20 


»r b *©£«H (am) 


50-200 


20—100 


ttAtt&P* (am) 


ISO 


6.0 



(QHftBft) £0 1 7 cs-r. 

[0 0 7 3] @l7i:i1-?Iiil^. #igf|->U3>Bt 



[0 0 74] ^fiSfflJ 1 0 
-tf-l^;^-gSS 3 0 0 m J / c m2 tL. 

(KHBMfc) £0 1 8 CSt. 

[0 0 7 5] 0 1 8lwjjVr¥g>&*&. #SS->'Jn>M 

S:S 5 
[0 0 7 6] 
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©Poly-Si *Sfitt&©&ffitJ0i&tt#& 





9HB011O 


fza&mn 




RT 


400"C 




20-50 


50-200 


eattsro (an) 


20 


150 



mma^MS.^ 4 0 oTctLfcEwvn hm^i 1 0 tm 

TEMMRSfrofc. TEMiSMS (9i&IMk) £0 
1 9 iCiSt". 

[0 0 7 7] 0 1 9iCS-r?X3^6. #«ft->U3>K 

£S 5 
^fiSgJ 1 2 

l^— • tf-X*;Mr-?£M£ 3 5 OmJ/cm 2 £U £ 

»J?80nnk i*S'-7U-1f-J.*A4 ; -ffiS350iJ^ V. -y MBSt 1 ST? 
©Poly-Si fefittgcoSffiinJfcttfftt 











RT 


400X1 




20—70 


20—100 


**fttt«TO (nn) 


40 


60 



« wmsmu ^20 ir^r. 
[007 8] 020 t^-r^R^e, #^a->u a >ut 

[0 0 7 9] 
[£6] 



^Mfll 1 3 

4oott u&ewa. h«j 1 2 tra 

2 1 f'^-f. 

[0 0 8 0] B2 lKjR"*-a?Xa»6. #S£I->U3>I 
±EH 18-21 5 £ <ktfX 6 KiSf J: o I'. 

[0081] sfc, hm^ji lcimctj^T. ass® 

< d £ WW Ltztf, tW *ff*±H 

[0 0 8 2] 

'J n >fiJ««jfcfrftK«fcfttf , 1 0©7=-;WMIT. 
^<tt)3cmx3cmffl)£^i:tfcoT > 



[0 0 8 3] £&. *fMBC«Sh5>^^O^lr* 
fit bfe^SSft -> U 3 >^M«r h ^ >>>X ©3^ 

[0 0 8 4] Set'. *N5>^C!«ttfflli63* 

[0ffi(Z)flHifciaBJI] 

[01] 01 (a) . (b> *its»c« 

[0 2] 0 2 Y&fm<Ofoo)9m!B6k\ztoi&m& '> "J 
[0 3] 0 3 (A) ~ (C) t^»W©— *Sflffls»£« 

[04] 04 (D) ~ <F) f£H 3 ©jgg#©Ig0T& 
[0 5] 0 5 (A) ~ (C) »^X«0fl!!0)|tJEfiHil:: 
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0T&-3. 

[0 6] 0 6 (D) , (E) fi0 5»^*coig0T& 
•5. 

[0 7] 0 7 \$&3m<n%M®\ l tc^-5#3Sa -> "J n > 
[0 8] 0 8 12*1893 coHJe^l 2 ic««£tt A -> U n > 
[0 9] 0 9 fcfcfcjgaj ©JfcBM* l d«*K»0 TEMS 

gas* w^sfraB) m^s^it^XT^-s. 

[010] 010 tifcfgBj ©gttft 3 £tt££IS A > 'J 

[011] 011 (4*%?aro|gjs^i4c^s#^a-> | j 

[012] 012 \t*5m<OVcM&\ 2 CttSKPKDT E 

[013] 013 it*.&w<D $mm 5 ca«#tsA -> u 
3>k©tem«mb* (hot*) ^twfwm^. 

[014] 01 4M**W©SBfi«6fcflte#Bft5/y 

[015] 0 1 5W#RW©*^J7K***BA5' , J 



[016] 016 l3#3fc§8©Hfl60«l 8 C^-S^SS > 'J 

[017] 017 li*^ wHJ60<J 9 •> 

[018] 018 te#fgBH©5U£0y 1 0 K^-S^A > 

[019] 019 t±*»Bj©iijg«ij 1 1 tc^s#iga-> 

[020] 020 l3#fgBJ«|&i£#I 1 2 KflRS^fi > 

ua>BioTEM««tt* ophjuw*) ss-rm^a 

[021] 021 lifcffcBjwflMG'J 1 3 KflU^SSAv 
U3>«©TEMaBSEtt* 

1 1- 

1 2- 

13, 2 3. 4 1- #ftSy'J3>I 
13 a, 2 3a, 4 1a- £iSSS->'J3 

i4- mm±m. 

2 1, 4 6 - y- h«@ 

2 2, 4 3 ••• y- 
29, 30, 47, 4 8- V— * 

3 1, 4 9- ^^M^fllW 

4 0, 6 0— MOSI»7>^ 



[01] 



[0 2] 



(A) 



(B) 




15 

-A. 



Jr I >t ^ Jr 




15 



I I I 1 \ 
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[0 3] 



[0 4] 



(A) 




(B) 




(C) 



25 




(D) 




(E) 



1 4- I ^ i + 
-28 



31 




30 ^ 
27 



-22 

-12 

-II 



^h-23-23a (F) 34 36 




(D) 



A. 



4 | \ | I 4 * 



7 




47 49 42 49 



/3 



[08] 



o. lam 



»5 8»ytrf 




(13) 
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[0 10] 



J0 0»l/crf 

ta> «orc IB 



JSCJ/«t 

«cnc* lit 




[0 1 3] 




[012] 



amis?* 




Cm. «ftX tfi 
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[0 14] 




EH 



[016] 
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[El 8] 
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[020] 




[02 1] 
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